INTRODUCTION
Advances in assisted reproductive techniques such as drugs for induction of ovulation, in vitro fertilization, and a variety of intrafallopian transfer procedures have resulted in increased number of higher-order multiple (HOM) pregnancies with three or more fetuses. 1 -3 Higher-order multifetal gestations are associated with a high incidence of maternal, fetal, and neonatal complications. It has been reported that as the number of multiple fetuses increases in utero, so does the incidence of complications and the possibility of adverse outcome. 3 -5 However, this increase in the incidence of neonatal mortality and morbidity is mostly due to the complications associated with the preterm birth of these infants. 4 -6 It is not known whether the outcome of infants of HOM gestations, i.e., triplets and quadruplets, differs from the outcome of infants of twin births of a comparable gestational age (GA) after birth. Selective fetal reduction of a HOM pregnancy, usually to a twin gestation, may be performed during the first trimester, which probably carries less morbidity and mortality than a HOM gestation. 7, 8 However, there has been much debate about who should be offered this procedure. 7, 9, 10 A previous study from our institution compared preterm twins to preterm singleton births. 11 The results documented that very low birthweight (VLBW) twins do not suffer greater morbidity or mortality than do singletons of comparable birthweight and GA. At present, there are limited data available specifically relating to the neonatal outcome of HOM gestations. In addition, most of the existing studies have reported the outcome of HOM pregnancies without any control group. 12 We conducted a retrospective cohort analysis of inborn infants of all multiple gestation births at a single institution and compared the mortality and pre-discharge morbidity of preterm infants of HOM births with preterm infants of twin births. Our hypothesis was that in liveborn infants born prematurely, the infants born of HOM gestations would have a worse outcome than the infants born of twin gestations.
OBJECTIVE:
To determine if preterm infants of higher -order multiple ( HOM ) gestations have a significantly worse outcome during hospital stay when compared with preterm twins.
STUDY DESIGN:
Retrospective cohort analysis.
METHODS:
Perinatal outcome variables including gestational age ( GA ) , birthweight, prenatal steroid use, cesarean section delivery rate, Apgar scores, and growth retardation were analyzed for 106 preterm HOM births ( triplets and quadruplets ) versus 328 preterm twins admitted to a single tertiary level neonatal intensive care unit. A comparison of the mortality and major neonatal morbidities such as respiratory distress syndrome, patent ductus arteriosus, intraventricular hemorrhage, necrotizing enterocolitis, bronchopulmonary dysplasia, and retinopathy of prematurity was made for these two groups. In addition, the duration of respiratory support including surfactant therapy, nasal continuous positive airway pressure, and mechanical ventilation, as well as the length of hospitalization, was analyzed.
RESULTS:
There were no significant differences in major morbidities between the infants of HOM and twin births of similar GA. There was no statistically significant difference in mortality, but the data showed a trend for lesser mortality in HOM. There was a highly significant increase in antenatal steroid use as well as the use of cesarean section for delivery in the HOM when compared with twin gestations. The infants of HOM gestations were of significantly lower birthweight than the twins and had a longer hospitalization.
CONCLUSION:
Although premature infants of HOM had lower birthweight and needed a longer hospital stay, their mortality and morbidity at hospital discharge were not worse than that for preterm twins. 
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PATIENTS AND METHODS
We reviewed data for all consecutive multiple births occurring prematurely, i.e., before completion of 37 weeks' gestation. The study period was from January 1, 1990 to November 30, 1996 and data were collected from our computerized database as well as from a review of the patients' charts. All the patients were inborn and admitted to the neonatal intensive care unit at the University of Connecticut Health Center, Farmington, CT. This is a regional perinatal referral center for high-risk pregnancies with approximately 260 high-risk births per year and an admission rate of approximately 500 infants per year to the neonatal intensive care unit. The perinatal outcome variables that were analyzed for twins and for infants of a HOM gestation were defined as follows: (1) GA in weeks at delivery was based on either the date of the last menstrual period, a known date of conception, a fetal ultrasound before 20 weeks' gestation, or the Ballard scoring system; 13 (2) birthweight in grams taken at admission; (3) antenatal steroid use was considered when at least a 12-hour interval between maternal dosing and delivery of the infant had occurred; 14 (4) Apgar scores at 1 and 5 minutes; (5) cesarean section as a mode of delivery; (6) intrauterine growth restriction (IUGR), defined as a birthweight less than the 10th percentile for GA plotted on the Lubchenco intrauterine growth charts. 15 The neonatal outcome variables that were analyzed for each group of infants were defined as follows: (1) incidence of respiratory distress syndrome (RDS), which was diagnosed based on the clinical findings of respiratory distress and chest x-ray findings of a diffuse reticulogranular pattern with air bronchograms; 16 (2) duration of mechanical ventilation and/or nasal continuous positive airway pressure; (3) the use of surfactant (Survanta) for the treatment of RDS; (4) incidence of patent ductus arteriosus (PDA), which was confirmed in all infants by an echocardiogram demonstrating left to right or bi-directional blood flow through the ductus; 17 (5) incidence of intraventricular hemorrhage according to the classification of cranial ultrasound findings of blood in the germinal matrix or ventricular system with or without ventricular dilatation according to Papile et al.; 18 (6) incidence of necrotizing enterocolitis (NEC) according to Bell's classification (stage II and above); 19 (7) incidence of periventricular leukomalacia (PVL), which was diagnosed by cerebral ultrasound findings as areas of increased echogenicity and cystic lesions in the periventricular white matter; 20 (8) incidence of retinopathy of prematurity (ROP), which was defined using the international classification of ROP, as a spectrum of findings including abnormal vasoproliferation and tortuosity, retinal ridge formation, scarring, and retinal detachment. 21 A pediatric ophthalmologist examined all the infants; (9) incidence of bronchopulmonary dysplasia (BPD), which was diagnosed by the presence of chronic respiratory distress with an oxygen requirement beyond 28 days of life, accompanied by characteristic chest roentgenogram findings; 22 (10) incidence of severe BPD (sBPD), which was diagnosed by the presence of clinical and chest roentgenogram findings of BPD and the need for supplemental oxygen at a corrected GA of 36 weeks; 23 and (11) length of hospitalization.
We compared the outcome for mortality, major morbidities, duration of mechanical ventilation, and length of hospitalization between the population of twins and the infants of HOM gestations.
STATISTICAL METHODS
Differences between groups were compared using t-tests or MannWhitney tests for continuous variables and -squared or Fisher's exact probability tests for categorical variables. p values <0.05 were considered statistically significant.
Multiple logistic regression analysis was performed to assess whether HOM birth increases the risk of morbid outcomes independent of GA and birthweight. A variety of model building strategies was considered, including stepwise selection, ''forced entry'' models, and models with terms representing the interaction between HOM, birthweight, and gestation. Different combinations of independent variables were used to produce stable models. Outcomes analyzed were IUGR, RDS, use of surfactant, need for continuous positive airway pressure, need for mechanical ventilation, BPD, PDA, NEC, intraventricular hemorrhage, PVL, and ROP. Power analyses were done for each morbidity variable analyzed. Goodness-of-fit, estimated odds ratios, and 95% confidence intervals were evaluated.
RESULTS
During the 7-year study period, there were 221 parturient women carrying multifetal pregnancies who delivered prematurely at our institution. There were three with quadruplets, 32 with triplets, and 186 women with twin pregnancies. Maternal characteristics were available for 212 women (177 with twins and 35 with HOM) because nine women carrying twin pregnancies did not deliver liveborn infants and therefore were not entered into our infant database. Table 1 reveals a comparison of maternal demographic data between twins and HOM pregnancies (triplets and quadruplets). Data expressed as mean ± SD ( n ) or percent ( frequency ) .
Maternal Data
Statistical analyses: unpaired t -test* and -squared testy.
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Mothers with HOM were more likely to be older in age and married.
Patient Distribution
Of the 480 conceptuses resulting from the 221 pregnancies, there were 434 surviving infants. Table 2 shows the distribution of pregnancies, conceptuses, live births and deaths before hospital discharge. Of the 434 surviving infants, two infants of twin pairs were admitted to the well-baby nursery. Data were analyzed for 328 infants from twin pairs and 106 HOM (94 triplet and 12 quadruplets). The mean GA and SDs of the two groups were similar (Twins 31.3±3.0 weeks, HOM 31.4±2.8 weeks; p=0.94).
Mortality
There was no statistically significant difference in mortality between twins and HOM births, but surprisingly, the data showed a trend for lesser mortality in HOM. The one neonatal death in the triplet group was of an infant with anencephaly born at 34 weeks' gestation. Of the 19 twin deaths, 16 deaths were due to complications associated with extreme prematurity. These infants were of GAs from 23 to 26 weeks and birthweights from 465 to 945 g. Their deaths occurred within the first 3 days after birth due to acute respiratory failure secondary to RDS. One death was of an infant of 29 weeks' gestation who had severe RDS and Group B streptococcal sepsis and died at 4 days of age. Another infant who was born at 36 weeks' gestation suffered from fulminant NEC. At laparotomy, the infant was noted to have extensive necrosis of the entire small bowel and colon. The infant died on day 4 of life. Finally, one death was of an infant with major congenital deformities incompatible with life.
Infant Gender and Race
In the surviving 328 twins, the gender distribution included 177 (54%) females and 151 (46%) males, and in the 106 surviving infants of HOM births, there were 49 (46%) females and 57 (54%) males. The race distribution for the twins included 266 white, 24 black, 23 hispanic, two asian, and 13 bi-racial infants, and in the group of infants of HOM births, there were 90 white, seven black, six hispanic, and three asian infants. There were no significant differences in gender (p=0.17) or ethnicity (p=0.8) between twins and infants of a HOM birth. Table 3 shows a comparison between twins and infants of a HOM gestation for perinatal factors that could affect outcome. There was no difference in the mean GA between both groups. There was a significant increase in prenatal steroid use (97% vs. 65%, p<0.001) as well as in the use of cesarean section as a mode of delivery (100% vs. 78%, p<0.001) for infants of a HOM gestation. The infants of a HOM gestation had significantly (p<0.05) lower birthweights. The 1-and 5-minute Apgar scores tended to be better in the HOM group. Table 4 shows an analysis of the neonatal characteristics affecting outcomes in the twins and infants of a HOM gestation. There were no significant differences between the two groups in the incidence of major morbidities such as IUGR, RDS, PDA, NEC, BPD, sBPD, intraventricular hemorrhage, PVL, or ROP. The use of surfactant and the duration of mechanical ventilation or continuous positive airway pressure support were also not significantly different between the two groups. However, the infants born of HOM gestation had a 
Perinatal Factors

Infant Morbidity
Multiple Logistic Regression Analysis
A variety of model-building strategies was considered, including stepwise selection, ''forced entry'' models, and models with terms representing the interaction between HOM, birthweight, and gestation. Results of the multiple logistic regression analyses indicate that GA is the single most important factor affecting morbidity. With few exceptions, it is consistently selected as a statistically significant predictor of each poor outcome across all the models considered. Table 5 provides estimated odds ratios and 95% confidence intervals for a stepwise selection model considering GA, birthweight, and HOM gestation. Increasing GA is ''protective'' for all morbidities (except for IUGR), as indicated by odds ratios significantly less than one. After adjustments for the effects of GA and/or birthweight, there was no significant increase in risk associated with HOM birth. There were also no meaningful interactions of HOM status with either GA or birthweight.
COMMENT
As with twin gestations, the incidence of HOM births has dramatically increased in the past two decades, primarily due to the increasing use of assisted reproductive techniques. 1 Between 1973 and 1990, the frequency of triplet and HOM births changed from 1 in 3323 to 1 in 1341. 24 With the increased number of fetuses, these pregnancies are at significant risk for increased perinatal complications, mainly due to preterm delivery. 5, 6, 24 It is well known that birthweight and GA are the most important factors affecting perinatal mortality and are the most significant determinants of infant and childhood morbidity. 25 , 26 Luke *Selected using a stepwise method, probability of entry and removal equal to 0.05. yOdds ratio significantly different from 1. In the final model using stepwise logistic regression analysis, GA alone or along with birthweight was the only variable that was significantly related to a particular outcome. The addition of HOM as a variable had no independent effect on the outcome. Data expressed as mean ± SD ( n ) or percent ( frequency ) .
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and Keith, in 1992, reported on the contribution, during a contemporary time frame, of singletons, twins, and triplets to low birthweight infant mortality and handicap in the United States. Triplets were reported to have a 2.9 relative risk for severe handicap and a 1.7 relative risk for moderate handicap when compared with singletons, while twins were reported to have an overall handicap risk of 1.4 when compared with singletons. 4 Advances in perinatal and neonatal medicine have resulted in an improved outcome for pregnancies carrying multiple fetuses. 27 Although over the past few years multiple gestation pregnancies have become a more common challenge for the obstetrician, the relative infrequency of HOM gestations has not allowed for studies either of large series or during a reasonably contemporary time frame. Since women with higher-order multifetal gestations are candidates for selective first trimester reduction, usually to twin gestations, it is imperative that up-to-date information on the outcome of these pregnancies be available. 7, 8, 28 This study compares the neonatal outcome of preterm infants of HOM gestations (triplets and quadruplets) with preterm infants of twin gestations. Previous reviewers have shown that preterm delivery is the most important factor in predicting neonatal outcome and that the length of gestation is inversely proportional to the number of fetuses per gestation. 4 -6 Sassoon et al., in 1990, reported the perinatal outcome in triplet versus twin gestations. In their study, 15 triplet pregnancies were matched with 15 twin pregnancies for demographic and obstetric factors. 12 They found that the triplets were born at a significantly lower GA (33 vs. 37 weeks) and had a lower mean birthweight at delivery (1720 vs. 2475 g) compared with the twins. They also demonstrated a significantly higher incidence of IUGR in the triplet group when compared with the twin group. In the study of Sassoon et al., there were no significant differences between the triplet and twin groups in the incidence of major neonatal complications, although for several of the neonatal variables analyzed such as RDS, PDA, hyperbilirubinemia, and neonatal death, the relative risk for the triplets was >1, suggesting that the triplets, indeed, may be at increased risk for these complications. In addition, other neonatal variables such as intraventricular hemorrhage, BPD, and retinopathy suggested a trend towards more neonatal complications in the triplet group. It is important to note that in the series of Sassoon et al., the triplets were drawn from a population that was cared for, over a 9-year period, by multiple physicians and their management program was not standardized. Porreco et al., in 1991 , prospectively compared the outcome of 13 consecutive triplet pregnancies, which were reduced to twin gestations with a control group of 11 triplet pregnancies, during the same time frame in which embryo reduction had not been performed. 24 In their series, multifetal reduction of triplets to twins was not associated with an improvement in pregnancy outcome. These authors reported no significant differences in infant birthweights, GAs at birth, newborn hospital days, or perinatal complications between the two groups. The outcome of their triplet pregnancies managed expectantly was substantially better than reports of other series of triplets, with the infants in this series having a mean birthweight of 2239 g and a mean GA at birth of 35.7 weeks. The authors attributed this to the fact that all their triplet pregnancies occurred following assisted reproductive technologies and thus were highly likely to be trichorionic, thus eliminating the potential risks associated with monochorionic multiple pregnancies. The authors also stressed that these triplet pregnancies were all cared for by perinatal sub-specialists or by physicians in consultation with such specialists. In our study, we found a significantly (p<0.05) lower birthweight in the HOM population compared with the twins (1490 vs. 1620 g), while the distribution of GA was similar. This confirms other earlier observations that the birthweight of infants of a multiple gestation decreases as the number of fetuses in utero increases. 12, 25 This may be due to factors relating to maternal-fetal nutrition, overcrowding, as well as placental insufficiency due to pregnancy-induced hypertension, which is a well-known complication of the multifetal pregnancy. 12, 29, 30 The mean GA at birth of the combined population of triplets and quadruplets in our study, at 31.4 weeks' gestation, is comparable with the GA ranges of 30 to 31 weeks for quadruplets and 32 to 33 weeks for triplet births that have previously been reported. 5, 31, 32 The mean GA of the twins in our study, at 31.4 weeks, is lower than the GA at birth of twins reported previously and may relate to the fact that ours is a tertiary referral center for high-risk pregnancies that tend to deliver prematurely, as well as the fact that we chose to limit our twin and triplet populations for the study to those delivering prematurely, i.e., prior to 37 weeks' gestation. 12 Antenatal steroids were administered in all cases threatening to deliver prior to 34 weeks' gestation. However, in all cases of HOM pregnancies, maternal steroids were administered prophylactically beginning at 24 weeks' gestation, which explains the antenatal steroid use rate of 97% in this population. The antenatal steroid therapy comprised two doses of 12 mg of betamethasone (or equivalent) administered by intramuscular injection 24 hours apart, then weekly until delivery occurred. While a high percentage of twins actually received antenatal steroids, we took into account antenatal steroid use if there had been at least a 12-hour interval between administration of the drug and delivery to allow for potential manifestation of steroid effects.
14 This, most likely, is the reason for antenatal steroid use of only 67% in the premature twin deliveries that was noted in our study.
Cesarean section has been recommended as the preferred mode of delivery in triplet gestations by numerous authors. 5, 33 An increased perinatal mortality rate has been identified by these authors for the second and third vaginally delivered triplets. A variety of explanations has been offered, including an increased risk of delivery trauma, intrapartum cord prolapse, placental abruption, and subtle alterations in uteroplacental blood flow that occurs after the delivery of the first or second triplet. At our institution, all HOM gestations are delivered by cesarean section because our obstetricians find little justification to attempt vaginal delivery in these high-risk patients. The need for a cesarean section rate of 76% for twins probably reflects the complex clinical scenarios for which maternal transports of twin pregnancies to our high-risk referral center typically occur. Surprisingly, our twin population had a 1-minute Apgar score of <3 and 5-minute Apgar score of <7 more often than did the infants of HOM births. We speculate that this may, in part, reflect the clinical compromise occurring antenatally in selected high-risk twins, which may have necessitated urgent delivery of these infants prior to term.
The significantly prolonged neonatal intensive care unit stay of the infants of HOM births compared with the infants of twin births is probably due to the lower birthweight of the triplets and quadruplets. The neonatal outcome with regards to major morbidities such as IUGR, RDS, PDA, NEC, BPD, sBPD, PVL, or ROP and mortality of our population of HOM births was no different than the neonatal outcome of our population of twins, even though their GA distributions were similar. In our series, we could extrapolate a perinatal mortality rate (PMR) of 21 per 1000 deliveries for our triplet births, which would be substantially lower than previous reports of PMR for triplet births, ranging from 51 to 93 per 1000. 7, 34 We should clarify that while the women with HOM gestations received antenatal care from perinatal sub-specialists at our institution and were closely monitored by the same team during their entire pregnancy, a large proportion of the women with twin gestations was maternal transport from outlying institutions and the consistency of appropriate antenatal care for these women could not be determined. This difference in the quality of monitoring of these high-risk pregnancies may have contributed to the outcome that was relatively better than expected for the infants of HOM gestations.
In summary, this analysis reports a pre-discharge outcome for our population of infants of HOM births (comprised predominantly of triplet births) that was no worse than that of twins of a similar GA at birth. We believe that these data will be useful in counseling patients carrying HOM gestations regarding the potential outcome of their infants after premature birth.
